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Method and device for the recording and estimation of the weight offish 

The present invention relates to a method as quoted in the preamble of claim 1, for the recording and 
estimation of the weight of fish and other aqueous organisms, and a device for carrying out this 
5 method. 

Background 

A number offish counters are known, based on optical or mechanical principles. A number of 
devices for weighing fish, based on mechanical or electronic principles for weighing, are also known. 
1 0 Further, manufactures such as Vaki-DNG, Bradrene Wingan AS, Flatsetsund Engineering AS and 
Aquascan AS, have products that utilizes different analog and digital cameras, infrared sensors etc. 

French patent application 2634573 (Jacob et al. 1989) discloses a method of counting fish by 
leading the fish through a conduit, to past a registration unit, in the form of an electronic camera, 
with a uniform speed and at an orientation relative to the camera, so that the surface area of each fish 
1 5 may be measured, and a determination of the number of fish by an average estimation may be done. 
Norwegian patent specification 168151 (Kvassheim 1991) discloses a fish counter which is 
substantially equal to the one mentioned above. 

EP patent application 984391 (Core Corp. 2000) discloses a fish counter for use in open water 
conduits, where the fish are recorded by a two-line camera, in such a way that it is possible, by use of 
20 image processing, to separate overlapping fish, and separate fish from other objects, to obtain a count 
as accurate as possible. 

None of these counters have been suitable to make weight estimations of the observed fish. 
It is known to guide fish through a frame, where the fish are exposed to IR-beams from two sides, 
and where recordings of the radiation that passes the fish, is the base for estimating the volume of the 
25 fish, in such a way, that the weight of the fish can be determined. A recording like this has poor 
accuracy, and does not produce any base for estimation. 

Known is equipment for the counting and estimation of fish, having two CCD-sensors arranged 
outside a transparent pipe, with a mutual angle of 90°. In this way, the profile information, both from 
the side and from above the passing fish, is recorded. This profile information is then used to 
30 estimate the weight of the fish, from among other factors, the statistical data. Some known devices 
require, as a base, that the fish has a known speed. Furthermore, some of the devices require that 
only one fish passes through the conduit at a time. The estimation of the weight of the fish is 
inaccurate for prior art. 
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Object 

The main object of the invention is to improve on the prior art. It is desirable to provide more 
accurate profile information to obtain rapid and accurate measuring results. 

Furthermore, it is an object to distinguish between different fish that are passing beside each other 

* 

5 in a transfer conduit. 

Finally, it is desirable to record fish which are moving back through the transfer conduit. 

The invention 

The above objects are obtained by means of a method and a device for the recording and 
1 0 estimation of the weight offish and other aqueous organisms, according to the enclosed independent 
claims 1 and 9. 

In the claims are "CCD-sensors", the term being used as a description for a digital recording unit 
or a digital camera. The CCD-sensors are delivered as chips, having small sensor elements arranged 
in a matrix. Other equivalent sensor units may be used. 
1 5 Advantageous embodiments appear in the dependent claims. 

Using this method and device, it is possible to weigh and count fish in a transfer conduit with very 
high speed and high accuracy. The invention also makes it possible to record the fish when several 
fish pass through the recording area simultaneously. 

Further details of the invention will appear from the following example. 

20 

Example 

In the following, the present invention will be described by means of an example of preferred 
embodiments. References are made to the enclosed drawings, wherein: 

Figure 1 shows a schematic block diagram for an embodiment of a device for the counting and 
25 estimation of the weight of fish according to the invention, 

Figure's 2-5 shows an illustration of an embodiment of the invention used in a transfer conduit, 
having a circular cross-section, with only one fish in the recording area, 
Figure 6 shows an illustration of speed measuring, 

Figure 7 shows another illustration of the invention, used in a transfer conduit, having a circular 
30 cross-section, with a fish present, 

Figure's 8-9 shows an illustration of an embodiment according to the invention, used in a transfer 
conduit, having circular cross-section, with several fish present, 

Figure 1 0 shows an illustration of an embodiment, according to the invention, used in a transfer 
conduit, having a rectangular cross-section, and 
35 Figure 1 1 shows a schematic sideview of an embodiment of the invention, where a scanning of the 
contours of the fish, by means of a light line from an annular light slot, is carried out. 
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Referring first to Figure 1, which shows a block diagram of an embodiment, according to the 
invention. On the left side of Figure 1, an object 1 1, such as a fish in a transfer conduit 12 can be 
seen, and at the circumference of the transfer conduit 12, a camera in the form of a CCD-sensor 1 0 
5 and a light source 14 are arranged. The CCD-sensor 10 and the light source 14 are connected to an 
optical signal processor OSP 13, which is connected to a sectorial data processor SDP. The device, 
according to the invention, includes a series of CCD-sensors 10 and light sources 14, in such a way 
that each of these are capable of recording the contents of a sector of the transfer conduit 12. All 
these are connected to separate OSP's and SDP's. All the SDP's are then connected to a 
1 0 communication unit CU which is connected to a computer. 

Each CCD-sensor 10 has a recording sector that is overlapping the recording sector of the 
adjoining CCD-sensors (see Figure 2). 

The light source 14 is preferably a continuous chain of LED's (Light Emitting Diode's) which are 
controlled in segments, which, in the example, covers 1/8 of the circumference. 
1 5 The object of the OSP is to control the adjoining CCD-sensor 10 and light source 14, and to 

activate these simultaneously as it is recording information about the position and the profile of the 
fish. 

The SDP records and processes the data from the OSP. 

The CU receives data from all the SDP's for processing. The data is further transferred to the 
20 computer via a network or a USB-port etc. The computer stores the data and processes it to 

determine the number of fish, the volume and the speed of each fish or group offish and the weight 
of each fish or group of fish. 

It should be noticed that an existing setup is described. It will be obvious to a person skilled in the 
art to implement the OSP and the SDP in the form of software, and it is also obvious to process the 
25 data in another way. The used computer may be replaced by an interface, including, for example 
buttons and an LCD-display for both controlling the system and recovering data, and this will 
probably be favourable for smaller installations. 

The Figures 2-7 illustrate the invention used on a transfer conduit 12, having a circular cross- 
section, such as a pipe. Eight CCD-sensors 10A, 10B,...., 10H are arranged around the circumference 
30 of the tubular transfer conduit 12, for example, behind a glass or a lens arranged in the opening of 

the tubular transfer conduit. Preferably, one area of the tubular transfer conduit is transparent, so that 
the CCD-sensors may be arranged directly on its outside. The transparent area and the CCD-sensors 
are surrounded by an outer housing to block light from the outside. 

Together with each CCD, a light source is arranged, i.e. a segment 14A, 14B,..., 14H. The CCD- 
35 sensors 10 and the light source 14 are directed towards the centre of the tubular transfer conduit 12, 
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to be able to record and illuminate, in an optimal way, the fish 1 1 in the transfer conduit 12. In this 
embodiment, the transfer conduit 12 is filled with water. 

The simplest embodiment only records data from one individual line from each CCD-sensor, 
which accordingly works as one dimensional CCD-sensor. The line has a direction perpendicular to 
5 the longitudinal direction of the transfer conduit Here, only recording of black/white and different 
gray tones are used, but colours may also be used. 

The method for the recording and estimation of the weight of fish 1 1, will now be described. 
Figure 2 shows the sector inside, in which the CCD-sensor 10A is capable of making recordings, as 
mentioned above. As one fish comes into the transfer conduit 12, The sequential measurements are 
1 0 made. 

The sequence is as follows: The light source 14A starts to light for a short period, while the 
oppositely arranged CCD-sensors 10A and 10E makes a data recording before the light source 14A 
turns off (Figure 3). Then the light source 14B starts and lights for a short period, while the 
oppositely arranged CCD-sensors 10B and 10F makes a data recording before the light source 14B 
1 5 turns off (Figure 4). The data recording continues in this way, sequentially around the circumference 
of the tubular transfer conduit 12. In Figure 5, the light source 14E lights, while the CCD-sensor 10A 
and 10E records data. In Figure 7, the light source 14C lights, while the CCD-sensors 10C and 10G 
records data. 

A fish 1 1 is pumped or swims through the tubular transfer conduit 12, and the CCD-sensors will 

20 accordingly record different gray tones. The CCD-sensors, on the same side as the lighted light 

source, will record reflected light from the fish over a certain area, while the CCD-sensor across the 
lighted source will record the light that passes the fish, i.e. the shade area created by the fish. 

From the recorded data from the two CCD-sensors, for each illumination from the light source, 
angles cti and <x 2 (shown in Figure 5) are estimated. The two angles indicates the angle between a first 

25 margin between the fish and the water, and a second margin between the fish and the water, for each 
of the two CCD-sensors. The two angles are used to indicate the position of the fish in the conduit If 
the angles are equal, it indicates that the fish is central in the conduit, and if the second angle is much 
greater then the first one, the fish is nearer to the other CCD-sensor. Figure 5 shows that <x 2 is 
somewhat bigger than (Xi, and that the fish is closer to the CCD-sensor 10E. 

30 When all the light sources 14A - 14H have been activated once, and each CCD-sensor 10A - 10H 
has made two recordings of angles, the microprocessor has sufficient data to estimate thirty-two 
points on the fish profile, in the conduit cross-section of interest. The line between these points may 
be interpolated to find a more accurate outer profile. 

To be able to estimate the weight of the fish, the speed of the fish must also be estimated in such a 

35 way that the correct number of measured cross-sections are added. Thus, there may be arranged two 
sets like this, having eight CCD-sensors and adjoining lights sources in a distance D in the 
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longitudinal direction of the conduit. This is disclosed in Figure 6. These are preferably arranged 
relatively close, for example with a distance 10-20 cm. 

* 

Then the area is estimated for each section profile. By means of this area, together with the speed 
and the sample rate, a part volume can be estimated. In the end, the part volumes are summed up to 
5 provide a total volume for the fish. 

The speed can be measured by using several lines with measuring points at the CCD-sensors. The 
speed is determined by measuring the transit-time, Le. the time the fish takes to pass between two 
CCD-sensors of distance D. If there are several fish in the transfer conduit and their speed is 
different, the speed is estimated by correlating the measured data. 

10 In a modified embodiment, the fish is illuminated by a light source, for example 14 A, and the 
reflection is recorded by the adjoining CCD-sensor 10A, and also by the closest CCD-sensor 10B 
and 1 OH on each side. By rotating this illumination-shadow recording, cyclically around the fish, an 
expanded recording of the shade dimension of the fish, which makes the base for a more accurate 
estimation of the volume and thereof the weight, can be obtained. By an alternative embodiment, the 

1 5 shadow is recorded by more than one opposite CCD-sensor, for example, by a directly opposite 
CCD-sensor 10E and a CCD-sensor on each side of this, 10D and 10F. 

The device, according to the invention, may also be used for the counting and estimation of the 
weight of several fish simultaneously in the same transfer conduit. This is shown in Figure's 8-9. The 
measurements here are made in the same way as in the description above. Figure 8 shows three fish 

20 1 1 A, 1 IB, and 1 1C simultaneously in the transfer conduit 12. Here, there are relatively large 

distances between the fish, and for the CCD-sensors 10A and 10E, now two different angles or angle 
sectors are measured for each of the fish. This provides information about the position of each of the 
fish in the transfer conduit. The following measurements from the other CCD-sensors will contribute 
to information, in such a way that an approximated profile may be estimated in a similar maimer as 

25 above. 

Figure 9 also has three fish 1 1 A-C simultaneously in the transfer conduit 12, but in this case, there 
are relatively short distances between the fish. During illumination from the light source 14 A, the 
CCD-sensor 10A will be able to measure the correct number of fish on the basis of the reflection, 
while the CCD-sensor 10E will be able to see the shadows of these three fish. However, the CCD- 

30 sensor 10A will measure the correct number of fish when the light source 14A is illuminated. If the 
picture information is measured very quickly, the fish will have moved a relatively short distance in 
this time period, and sufficient information will be provided by the pictures. 

Figure 1 0 shows a second embodiment according to the invention, which is particularly suitable 
for treatment of large amounts of small fish. The transfer conduit 12 has, in this case, a rectangular 

35 cross-section. Eight CCD-sensors 10A, 10B,..., 10H with adjoining light sources 14A, 14B,...., 14C, 
are arranged at the upper side and at the lower side of the transfer conduit 12, to record and count the 
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passing fish. By normal use, the light sources 14A-D in the upper edge will be turned on alternately 
with the light sources 14E-H in the lower edge, while the CCD-sensors 10A-H records the data in a 
similar way as described above. 

The device, according to the invention, may include means for guiding the fish in a favourable 
5 way into the transfer conduit 12. This will mainly happen by preventing more than a certain number 
offish to pass simultaneously, and to centre the fish in such a way that they does not get too close to 
the CCD-sensors. In the illustrated embodiment, there are arranged means in the form of an upper 
and a lower flap 20, 21, indicated with dotted lines. The flaps 20, 21, which are letting water 
through, can be adjusted in height according to the size of the fish, in such a way that two fish cannot 
1 0 pass above each other. 

It is also possible to activate some light sources and a limited selection of cameras. This may be of 
interest in a situation with a particular concentration offish in one area. The recoupling between a 
full light source- and camera activation, and selective activation, is controlled with an algorithm in 
the control system. 

1 5 The invention is not limited to eight CCD-sensors and eight light sources, but this may be varied 
according to the requested accuracy and the size of the transfer conduit 

Figure 1 1 shows a transfer conduit 12 with, as described above, a radially beaming segment- 
shaped light source 14 A, and a CCD-sensor 10A at the upper edge. In addition there is, arranged 
upstream, in relation to the light source 14A, an annular light slot 23 around the transfer conduit 12. 

20 The light slot 23 will at the reflection, mark an illuminated line 24 around a passing fish 1 1 . A part of 
the illuminated line 24 will be visible from the CCD-sensor 1 OA, which is controlled to intercept or 
read with the parts which are facing in an angle towards the area for the illuminated line 24. Due to 
the angle for the CCD-sensors reading, the line 24 will appear as an arc which reproduces a part of 
the contour of the fish. From the information of the reading angle, and the cyclic rotating scanning 

25 which covers the whole circumference of the fish, a complete and correct contour of the fish may be 
determined by use of a computer. 

To disclose the topography of the fish, different closing periods and/or different luminous 
intensity for the camera and the illumination may be used. 



